Objective. To investigate the efficacy, safety, and microbiology of a thermosensitive otic suspension of ciprofloxacin in children with bilateral middle ear effusion undergoing tympanostomy tube placement.
O titis media (OM) has a substantial health care burden. 1, 2 Tympanostomy tube placement (TTP) in children with recurrent acute OM or chronic OM with effusion is the most common pediatric ambulatory surgery in the United States. 3 Otorrhea is an often-seen complication following TTP, [4] [5] [6] affecting up to 25% of intubated ears. 7 Otolaryngologists routinely apply antibiotic ear drops intraoperatively and prescribe them following surgery, although such medication is not approved by the US Food and Drug Administration for this indication. Furthermore, delivery of ear drops into the middle ear cavity through a tympanostomy tube (TT) can be challenging. 8 We report the integrated results of 2 phase 3 clinical trials evaluating the efficacy, safety, and microbiologic data of Otonomy Inc, San Diego, California) June 8, 2015; National Harbor, Maryland. designed phase 3 clinical trials, a suspension of ciprofloxacin microparticles in a buffered solution containing a thermosensitive polymer (poloxamer 407) was administered to pediatric patients with OM with bilateral MEE requiring TTP. 9, 10 OTO-201 exists as a liquid at or below room temperature and quickly transitions to a gel after exposure to body temperature in the middle ear. Preclinical studies have shown that a single injection of OTO-201 resulted in measureable ciprofloxacin concentrations in the middle ear for 1 to 2 weeks. 11 
Methods

Trial Designs
Evaluation of the efficacy, safety, and microbiologic data of OTO-201 in pediatric patients with bilateral MEE requiring TTP was based on integrated data from 2 identically designed phase 3 clinical trials consistent with the Federal Food, Drug, and Cosmetic Act (sec 505 [21 USC §355], ''New Drugs''). Trial 1 (clinicaltrials.gov NCT01949142) and trial 2 (clinicaltrials.gov NCT01949155) were conducted in compliance with the applicable regulatory requirements, the Declaration of Helsinki, and the International Conference on Harmonisation Guidance on Good Clinical Practice and per Institutional Review Board or Research Ethics Board approval. Inclusion criteria included pediatric patients aged 6 months to 17 years (inclusive) who were scheduled for TTP and who had otoscopically confirmed MEE on the day of surgery.
Randomization and Trial Intervention
Patients in both trials were randomized to receive intratympanic OTO-201 intraoperatively or sham (TT alone) through a 2:1 allocation ratio stratified by age (6 months to 2 years or .2 years), since younger children are considered more susceptible to the disease. Treatment assignment was generated via a permuted-block randomization algorithm; eligible patients were randomized on the day of surgery (day 1) prior to TTP. All external auditory canals and middle ears were liberally irrigated with saline prior to drug treatment and TTP. Other than the qualified medical professional who prepared the study drug and the surgeon administering treatment or TT alone, all persons involved in the trials (trial staff, caregivers, and patients) were blinded to treatment.
Key inclusion criteria required that patients were aged 6 months to 17 years of age, had a clinical diagnosis of bilateral MEE requiring TTP, and if of appropriate age, were able to provide assent for trial participation. For younger patients, the caregiver were willing to comply with the protocol and Health Insurance Portability and Accountability Act documents before initiation of any trial-related procedures and provided written informed consent. Key exclusion criteria were as follows: (1) designation for any other concurrent surgery; (2) history of mastoid surgery, sensorineural hearing loss, chronic or recurrent bacterial infections (not including recurrent OM), tympanic membrane perforation, or known immunodeficiency disease; (3) abnormality of the tympanic membrane or middle ear; (4) topical nonsteroidal otic agents within 1 day of randomization; (5) topical or otic corticosteroid within 3 days of randomization or a systemic corticosteroid within 7 days of randomization; (6) topical or systemic antimicrobial or antifungal agents prior to approximate washout intervals; (7) concurrent use of oral anti-inflammatory agents; (8) history of allergy to ciprofloxacin or any of the components of and (9) menarcheal or postmenarcheal female.
An MEE culture specimen was tested at a central laboratory, and the remaining middle ear fluid was aspirated from each ear. Each 6-mg dose of 60 mg/mL [w/v] in poloxamer 407)-which was based on the results from a phase 1b clinical trial 12 -was given as a single 0.1-mL intratympanic administration into each ear, followed by TTP. For sham injections, the syringe was empty (TT alone). Patients visited the trial center on days 4, 8, 15, and 29 for safety, efficacy, and microbiologic assessments.
Trial Outcomes
Populations. An integrated database was constructed from data based on the 2 phase 3 trials. Planned sample size in each trial was 264 patients, which was derived via the methods described in the Statistical Analysis section and clinical experience from a phase 1b trial. 12 Four analysis sets were used for the statistical analyses: (1) ''safety analysis'' consisted of all exposed patients who data were analyzed according to the actual treatment received of OTO-201 or TT alone; (2) ''full analysis'' for efficacy was the intent-to-treat set and consisted of all randomized patients whose data were analyzed according to the treatment group to which they were randomized; (3) ''per protocol'' was used as a sensitivity analysis of the primary efficacy end point and consisted of all patients without major protocol deviations (ie, excludes patients who had outof-window/missed visits or were lost to follow-up) who had external otorrhea on ear examination at days 4, 8 and 15; and (4) ''microbiologically evaluable'' consisted of patients whose baseline bacteriology samples were positive for Pseudomonas aeruginosa, Staphylococcus aureus, Streptococcus pneumoniae, Haemophilus influenzae, or Moraxella catarrhalis.
Efficacy assessments. The primary efficacy end point in both trials was assessed by the cumulative proportion of treatment failures (days 4-15), defined as one of the following, which ever occurred first: (1) otorrhea treatment failurethe presence of TT otorrhea in one or both ears, as noted by a blinded assessor (a medical professional who was not present during surgery nor involved in the preparation of the study drug) during the visual external ear examination on or after 3 days postsurgery (day 4); (2) otic treatment failurepatient received otic antibiotic drops any time postsurgery through day 15 prior to otorrhea confirmation by the blinded assessor; (3) systemic antibiotic treatment failure-patient received a systemic antibiotic any time postsurgery through day 15 prior to otorrhea confirmation by the blinded assessor; (4) loss to follow-up; or (5) missed visit treatment failure-patient not lost to follow-up who had a missing treatment failure status at a visit through day 15.
An effusion sample taken at the time of surgery was taken for microbiologic culture, sensitivity, and exploratory microbiologic testing. In addition to the otoscopic examination performed by the unblinded investigator, the assessment of TT otorrhea (a visual external ear examination) for the efficacy end point occurred on days 4, 8, 15 , and 29 by the blinded assessor.
If the blinded assessor confirmed otorrhea in either ear on or after 3 days postsurgery (day 4), a specimen for culture was obtained, and the patient was eligible to receive ciprofloxacin/dexamethasone, 13 4 drops twice a day in both ears for 7 days. All patients were asked to continue all trial assessments, regardless of otorrhea status, including continued assessment by the blinded assessor. Effusion type for each ear was categorized as absent, serous, purulent, sanguineous, or mucoid. Positive microbiology cultures were analyzed by the number of ears positive overall and the number of ears positive for each of the 5 organisms.
The cumulative proportion of treatment failures through day 15 was analyzed for the per-protocol population as a sensitivity analysis of the primary end point. Additional sensitivity analyses included the number and percentage of patients in the intent-to-treat population with treatment failures through day 15, summarized by subgroup according to sex, race, ethnicity, age stratum, baseline culture status, baseline effusion type and microbiology culture positivity.
Secondary efficacy end points included cumulative proportions of treatment failures (full analysis and per protocol), including by defined cause of treatment failure (full analysis), at days 4, 8, and 29; the cumulative proportion otorrhea-only treatment failures (ie, otorrhea as identified by the blinded assessor) at day 15; and microbiologic response at days 15 and 29 with presumption (patients with positive baseline cultures and without postbaseline cultures who were not treatment failures) or without presumption (patients with positive baseline cultures and negative postbaseline cultures).
Safety assessments. Safety assessments included treatmentemergent adverse events, otoscopy for presence of bilateral effusion, tube occlusion assessment, audiometric testing, tympanometry, physical examination, and vital sign measurement. Adverse events were classified with standard terminology (ie, system organ class and preferred term) according to the Medical Dictionary for Regulatory Activities (version 16.1).
Patients 
Statistical Analysis
The cumulative proportion of treatment failures at each time point through day 29 was analyzed via the Cochran-Mantel-Haenszel test, stratified by age (6 months to 2 years and .2 years), to determine whether the adjusted odds ratio (OR) was equal to 1.0 (ie, no association between treatment and outcome) at the 2-tailed 0.05 alpha level for the full analysis set. Estimates of the strength of association were provided with the adjusted relative risk (RR) and adjusted OR with associated 95% confidence intervals. The cumulative proportions presented were not adjusted for age.
Results
The integrated analysis included a total of 532 children with MEE requiring TTP who were randomized and participated in the trials between November 2013 and June 2014 (Table 1, Figure 1 ). Twenty-eight investigators conducted trial 1 (at 25 centers in the United States and 4 centers in Canada; 1 investigator was the principal investigator at 2 centers); 19 investigators conducted trial 2 (at 18 centers in the United States and 1 center in Canada).
Patients and Baseline Characteristics
A total of 266 patients were randomized in each trial (179 and 178 patients to the OTO-201 dose groups and 87 and 88 patients to the TT-alone groups in trials 1 and 2, respectively; Figure 1 ). Baseline demographics were generally balanced across all groups ( Table 1) . The majority of patients were between 6 months and 2 years (61.3%).
Efficacy
In this integrated analysis, the cumulative proportions of treatment failures in the intent-to-treat population at days 4, 8, 15, and 29 were lower in the OTO-201 group than the TT-alone group. By day 15 (primary end point), 23.0% of patients receiving OTO-201 experienced treatment failure, as compared with 45.1% of patients in the TT-alone group (age-adjusted OR, 0.341; P \ .001; RR, 0.506; Figure  2A) , reflecting a 49% reduction in treatment failure risk for OTO-201 patients relative to those receiving TT alone. Day 15 per-protocol population provided strong support for the primary analysis (day 15: OTO-201 vs TT alone, 14.7% vs 38.9%; age-adjusted OR, 0.249; P \ .001; RR, 0.377; Figure 2B ), reflecting a 62% reduction in treatment failure risk for patients who received OTO-201 relative to TT alone. The cumulative proportion of otorrhea-only treatment failures, as documented by the blinded assessor during the external ear examination, was lower in patients who received OTO-201 than those who received TT alone starting at day 4 and at all visits through day 29. At day 15, the OTO-201 otorrhea treatment failure (per the blinded assessor) was 7.0%, compared with 19.4% for TT alone (ageadjusted OR, 0.303; P \ .001; RR, 0.358), reflecting a 64% reduction in treatment failure risk due to otorrhea for OTO-201 patients relative to those receiving TT alone ( Figure  3) . Analysis within each age stratum in both trials revealed a stronger treatment effect of OTO-201 in younger patients (6 months to 2 years) than in older patients (.2 years).
The primary end point (day 15 treatment failure) was supported by subpopulation analyses, where lower treatment failures in the OTO-201 group were seen in the analysis by baseline culture status (positive or negative; Figure 4 ) and baseline effusion type ( Figure 5 ; sanguineous effusion had too few events to make any meaningful conclusion). Microbiologic response (total, with and without presumption; see Figure S1 at www.otojournal.org/supplemental) was higher in patients who received OTO-201 versus those who received TT alone. There were not enough patients in the subgroups positive at baseline Values are presented as n (%) unless noted otherwise. Percentages are based on the number of patients in a given treatment group for the population analyzed. Baseline is defined as the last measurement taken on or prior to the day of randomization.
b
Effusion marked absent indicates that the type of effusion was not recorded. with the 5 main otic pathogens to make any meaningful comparisons.
Safety. In both trials, there were no serious or life-threatening adverse events related to the study drug and no treatmentemergent adverse events resulting in patient discontinuation from either trial. Most adverse events were mild or moderate in severity. The most frequent treatment-emergent adverse events for both groups combined were pyrexia, procedural (postoperative) pain, nasopharyngitis, cough, and upper respiratory tract infection ( Table 2) .
Overall, there were no drug-related effects on otoscopic examinations, audiometric analyses, or tympanometry. Ninetytwo percent of patients had both tubes patent at each time point, with no notable difference between treatment groups (see Table S1 online).
Air conduction for the majority of ears improved from baseline in both groups. By day 15, 80% of ears tested in the OTO-201 group had normal hearing, compared with 73% of TT alone ears (day 15 and day 29 shifts are found in Figure S2 online) . The most frequent type of shift in PTA category at any visit was from mild to normal for the OTO-201 group and mild or slight to normal in the TT-alone group. PTA shifts of moderate severity from screening to days 15 and 29 were observed in individual ears and were therefore infrequent; most ears that had higher PTA values were found to have effusions.
At screening, the majority of ears in the OTO-201 and TT-alone groups had a tympanometry category of B with normal canal volume (see Figure S3a online). At days 15 and 29, most ears in each treatment group had a tympanometry category of B with a large canal volume, consistent with the presence of the TT and normal middle ear function (see Figure S3b and S3c online).
In both trials, most ears evaluated in the OTO-201 and TTalone groups had a normal bone conduction category in the left, right, and nonspecific ear at screening and days 15 and 29. Proportions of ears with air-bone gap improvement in either ear or nonspecific ear (shifts in air-bone gap from .10 dB at screening to 10 dB at day 29) were larger in the OTO-201 group than the TT-alone group at most frequencies.
Discussion
The integrated analysis of 2 independent, identically designed phase 3 clinical trials in pediatric patients with bilateral MEE who underwent TTP supported the observations for each independent trial, 9, 10 specifically, a statistically significant treatment effect favoring OTO-201 over TT alone. A lower cumulative proportion of treatment failures at day 4 and at all visits through day 29 was noted in the patients who received OTO-201 versus those who received TT alone. Specifically, patients receiving TT alone were approximately twice as likely at day 15 (primary end point) to become a study treatment failure relative to those receiving TT plus OTO-201.
One of the components of treatment failure was the otorrhea-only treatment failures, which were documented by the blinded assessor (secondary end point). The cumulative proportion of treatment failure due to otorrhea was lower with OTO-201 treatment at day 4 and continuing through day 29, with approximately a two-thirds percentage reduction in otorrhea treatment failure risk for patients who received OTO-201 (7%) relative to TT alone (19%) at day 15 (absolute risk reduction of 12%). This reduction in the rate of otorrhea is consistent with what has been reported for otic drops in pediatric patients undergoing TT surgery. [5] [6] [7] Furthermore, the observed otorrhea rate in the TT-alone group is similar to the range of 13% to 26% reported from a large meta-analysis and a literature review of the early postoperative period. 4, 7 Future research into the comparison of caregiver burden and cost-effectiveness of otic treatments should be considered. Interestingly, a large number of children with baseline serous effusions had treatment failures (OTO-201 vs TT alone, 21% vs 43%; Figure 5 ), which supports the finding that bacterial pathogens reside in serous effusions and are underdetected by traditional bacterial culture methods; otherwise, one would not have expected a different response between OTO-201 and TT alone.
There were no drug-related serious adverse events, and the majority of the adverse events were mild or moderate in severity. The most frequent treatment-emergent adverse events for the OTO-201 and TT-alone groups were expected for this type of administration and for this procedure in a pediatric population. OTO-201 administration had no evidence of increased tube occlusion and no negative effect on audiometry, tympanometry, or otoscopy when compared with TT alone. Some limitations to this research exist. Patients undergoing concurrent operations were excluded from these trials. Future trials with OTO-201 that could be relevant in this patient setting might (1) have broader inclusion criteria, (2) research caregiver/patient centricity measures in line with or beyond current initiatives 14 and validated tools, 15 or (3) analyze large claims databases (to give insights into populations at highest risk for postoperative otorrhea, disparities in health care quality, and impact of patient access to health care).
Conclusion
The integrated analysis of 2 phase 3 trials demonstrated that a single intraoperative administration of a liquid suspension of ciprofloxacin microparticles in a thermosensitive polymer (OTO-201) that transitions to a gel showed a lower cumulative proportion of treatment failures through day 15 as compared with TT alone, when administered intratympanically for bilateral MEE at the time of TTP. Values are presented as n (%). If a patient experienced .1 episode of an adverse event in a system organ class, the patient was counted once for that preferred term.
